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B HacTosimiee BpeMsi OCHOBHBIMU 3aJladyaMU aHaJM3a MOJISIPU3ALMU BEKTOPHBIX CUTHAJIOB
SBIISIOTCS BBIJCJIEHUE CTENEeHHM JIMHEHHOCTU KoJeOaHus U ero HampaBieHHOCTH. K u3BecTHhIM
crioco6aM MOJISIPU3AIMOHHOTO aHAIN3a OTHOCAT CIIOCOOBI HA OCHOBE MCIOJIh30BAHUS 3HAKOBBIX U
BPEMEHHBIX 3aBUCHMOCTEH OpPTOTOHAJIBHBIX KOMIIOHEHT BEKTOpA CMEIIEHHUs, CHEKTpajbHBIC,
KOBapHaIlMOHHbIE CIOCOO0bI U 1ap. OHU WHTEPIPETUPYIOT IBIKEHUE KOHIIA BEKTOpPA CMEICHUs
CEHCMUYECKON BOTHBI JTUOO IO JTMHUH, JIMOO TI0 MOBEPXHOCTH KBUBAJICHTHOTO AJutuncona [1]. B
MOCJIEAYIONIEM TMapaMeTpbl MOJSIPHU3ALUKA  BOJHBI PACCUMTHIBAIOT MCXOAS U3 IOJOXKEHUS
paccMaTpuBaeMoOi SKBUBAJICHTHOW (PUTYPHI B TPOCTPAHCTBE.

Takoe mnpenacTaBieHWE BEKTOPHOTO CHUTHAJIA HE SBISAETCS PALMOHAIBHBIM, TaK Kak
MPUBOJUT K MOTEPE B pAIE CIIydyaeB BaXKHOM MHPOpPMAIMU O €ro MOJSPHU3ALUOHHON CTPYKTYpE.
N3BecTHO, 4TO monsipu3alys BEKTOPHOTO TAPMOHUYECKOI'O CHTHANA XapaKTEpPU3YeTCs IIOCKOM
(burypoil — SJUIMIICOM, KOTOPBIM B YACTHBIX CIy4asX MOXKET BBIPOXKIAThCA B JIMHUIO WIH B
OKpPYXHOCTb. IIpu 3TOM reoMeTpuyecKkue MmapaMeTpbl 3TOr0 JJUIMICAa — TOJIOKEHUE B
MPOCTPAHCTBE IJIOCKOCTH, COJAEPKALIEH JIUIAIIC MNOJSIPU3alMU, M CaMOro JJUIAICA B JTOU
IJIOCKOCTH YaCTO MCHOJIb3YIOT NIl OLICHKH HAIpaBJIEHUs Ha W3JIydaTeb WIM BBISBICHUS THUIIA
MpUHUMaeMo# BoJiHbL. [IpH Hcmonb30BaHUM JUTUIICOMAA 3Ta UHPOPMAIIHS TepseTcs.

Kpowme Toro, u3BecTHbie CIOCOOBI MOISIPU3AMOHHOTO aHAIH3a SBISIOTCS HHTErPaTbHBIMU
U TI03TOMY OOJIalal0T TIJIOXMM BpPEMEHHBIM paszpemeHneM. OHU TpenrnonaraloT o00paboTKy
y4acTKa 3alHCH IO JJIUTEIHHOCTH OOBIYHO HE MEHBIIE Mepuoja KojaeOaHus IS HaXOXKICHUs
YCPEIHEHHBIX IMapaMeTPOB 3KBHUBAJICHTHOI'O JJIIMIICOMAA. B cilydae m3MeHeHHs mapaMeTpoB B
TE€YCHHE MEHBIIIETO BPEMEHH, TaHHbIE 00 U3MEHEHUSX TEPSIOTCS.

B oT0l1 CBsI3M MEpCIEKTUBHBIM SIBIIsICTCA UM PEpeHITNATBHBIA MOISPU3AIMOHHBIN aHAIN3
(AITA), cytp koToporo orpaxkeHa B padore [2]. MccnemoBanus moxaszanu, uyto JITA obGnamaer
Jy4IIUMU TOYHOCTHBIMH XapakTepucTukamu. Kpome TOro, OH MO3BOJIAET B KaXKIOH TOUYKE
peanbHOM TPEXKOMIIOHEHTHOM CEHCMUYECKOM 3alluCU MHTEPIPETUPOBATh JBMIKEHHE KOHIA
BEKTOpa CMEIIEHUs B MPOCTPAHCTBE IO 3KBUBAJICHTHOMY 3JUIMIICY MOJsipu3auuu. V3BeCTHBIM
cioco0 monsipuzanuonHoro aHanuza ®nuana (ITA®D) [1] uHTEpnpeTHpYeT ABMKEHHE BEKTOpPA
CMEILEHUSI MO TOBEPXHOCTH HSKBUBAJICHTHOTO 3yunncouaa. B pesynbprare JIIIA cBoiicTBeHHA
HOBas MOJIOKUTEJIbHASI YepTa — BO3MOXKHOCTb JIOMOJIHUTENIBHO BBIAEIUTH TEKYILEE IMOJO0KEHHE
IJTIOCKOCTH, COJIEpKAIIEH AJUIUIIC TMOJISIPU3AIUU CEHCMUYECKOM BOJIHBI. [0 MONI0KEeHUI0 HOpMaJU
K 9TOM IIOCKOCTHA BO3MOYXHO OCYIIIECTBUTH MEJICHTAIUIO U3ITydaTells MO MONepeYyHbIM S-BOJIHAM B
KOPOTKOIIEPHOJHOM JMana30He M IO MOBEPXHOCTHbIM BosnHam Penes — Lg m JlaBa — Lg B
JUIMHHOTIEpUOAHOM  auana3zoHe. [IA® »storo cpenate He mo3BoJsieT. Ero  ocHoBHOM
MH(OPMATHUBHBIN MapaMeTp — MOJI0KEHHE OOJIBIION MOIYOCH SKBUBAJICHTHOTO 3JUIMIICOMAA, TIO
KOTOpPOM BO3MOXHA OLIEHKA IEJIEHra TOJIBKO I10 MPOAO0JIbHON P-BosHE.

OueHKy TOJPU3ALMOHHBIX [apaMETPOB MPEAINOJIaraeTcsi OCYIIECTBUTh COTJIACHO
3aBUCUMOCTEN:
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JITA MoryT noaBeprarbcsi HE TOJIbKO CEMCMUUYECKNE CUTHAJBI, HO M BEKTOPHBIE CUTHAJIbI
m000i mpupoAbl (3JIEKTPOMarHUTHBIE, MarHUTHbIE W Jpyrue). B naHHOW cTaThe MNpHUBEAEM
pe3yapTaThl npuMmeHeHus [ITA nns celicMUYecKOoro IEJIEHrOBaHUS pPEajbHBbIX HCTOYHHMKOB, B
YAaCTHOCTH MaKUCTAaHCKOTO MOA3EMHOTO AJIEPHOrO UCIIbITaHus, MpoBeaeHHoro 28.05.98.

Ha puc. 1 mpexncraBiieH ¢parMeHT TPEXKOMIIOHEHTHOW KOPOTKOTEPUOMHON 3amucu P-
BOJIHBI OT IMAKHMCTAHCKOTO SIIEPHOTO B3phIBA, MOJYYCHHBIH B Jraboparopuu 3anecoBo 28.05.98.
Marnutyna ucrounuka cocrasmuia 4.9, paccrosiaue ~ 3300 kM, UCTHHHBIH a3umMyT — 219,6°.
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Puc. 1. TpexxoMIIOHEHTHas! KOPOTKOIIEPUOIHAS 3arich P-BoHEI, oy4deHHas B taboparopun 3ajlecoBO OT
MAaKUCTAHCKOTO ITOJ3€MHOTO SIIEPHOTO B3PHIBA.

3anmuch OCJIOKHEHA BBICOKOYACTOTHBIMH MECTHBIMH IPOMBIIIICHHBIMUA IIOMEXAMH.
Berymienue BonHbl P mpounsomio Ha 53 cekyHIE M IOMEUEHO COOTBETCTBYIOIIEH OYyKBOW Ha
3aIUCIX TPEX KOMIIOHEHT — BEPTUKAIBLHOW SZ, TOPU30HTAIBHOM SN-CEBEp-I0T U TOPU30HTATBHOM
SEe-BOCTOK-3araj. MOCKOBCKOE BpeMs OTJIOKEHO Ha OCH aOCIMCC B CEKYHAAX U COCTaBIISACT IS
Hauasa peanuzauuu 14:22:49.

Ha puc. 2 Ha Tpex BepxHHMX rpaduKax MOKa3aHbl T€ K€ KOMIOHEHTHI, PAaCTSHYTHIE BO
BPEMEHU TakK, 4YTOObI 3aXBATUTh NEpPBbIE /1Ba KBa3unepuoaa P-sonnbl. Ha HHxKHUX Tpex rpadukax
JaHbl Pe3yNbTaThl TEKYIIUX U3MepeHuil ¢ nomomrsio [ITA asumyranapHOro yria o, yria Beixona 3
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u nuHerHoctd BosiHbI N=1-b/a, rme a u b — BenmumHbI OONBIION U MaoON MOIYyoCeH TEKYIIEero
AIUTHTICA TIOJISIPU3ALIHH.
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Puc. 2. HOJ’IHpI/ISaL[I/IOHHaSI 06pa60TKa P-BoiHBI OT MakuCcTaHCKOTO MOA3CEMHOTO AACPHOTO B3pPbIBA.

[lIxansl oTcyeTa BCEX BENWYUH TMpEACTaBICHbl Ha ocax opauHar. [lpenmensl mikan
cocraBisitor: Ui ymia o - 0...360° mis B — 0...90% mis N — 0...1. T'opH30HTaIBHBIM MTPUX
MYHKTUPOM TMOKa3aHbl TPAHUILIBI MIKAJT W 3HAYEHUE MX CEPEANHBI, BEPTUKAIBHBIM - MOJOKEHHE
BPEMEHHBIX OTCYETOB. IIyHKTHpPOM OTMEuYeHBI MOJalbHbIE 3HAYEHHS] W3 BCETO MHOXKECTBa
pe3yIbTaTOB U3MEPEHUI B MOKAa3aHHOM Ha Tpaduke BPEMEHHOM OTPE3Ke pean3allii CHTHAJOB.
Uucno pe3ynbTaToB M3MEpPEHU, MpUxojsiieecss Ha OJHY CEKYHAY AJUTENbHOCTH pealu3alii,
OmpeJesieTcss YaCTOTOM AUCKPETU3alK KaHaia. J{ns qanHoro ciydast ona pasHa 40 1.

B paspeiBe myHKTHpa B JIEBOM 4acTu TpaduKoB Mg YriaoB o U [ mudpamMu yKazaHbl
BEJIMYMHBI MOJAIbHBIX 3HaueHUWU. Kak creayer w3 MOAANBHOrO 3HAYEHWS ISl a3uMyTa -
0=220,52° ommOKka W3MEpeHHs TICJICHra COCTaBISCT MEHEE OJHOr0 Tpajayca OTHOCHUTEIBHO
WCTHHHOTO €r0 3HA4YCHHUs Ha MaKUCTAHCKUH MOIUroH - 219,6°. OT0 cBUAETENbCTBYET O BBICOKON
touHoctH J{ITA. HamnbGomnee crabunbHbIe pe3ynbTaThl HK3MEPEHUN yIJia 0. COOTBETCTBYIOT TIEPBOMY
kBazunepuoy BoiHbl P. Ha sTom yuactke 3HaueHue nuHeriHoctd N B ocHOBHOM BblmIe 0,7...0,9;
YTO YKa3bIBaeT HA OJIM30CTh MOJSIpU3AIN P-BOTHBI K JIMHEHHOM.

FAL a2 . - ' - L - - .

ZAL i — = . - -

sAal e - E . - r Ty E -

AL as |

[LE B i | 2 L &

Ter—a

Puc. 3. HOJ’IHpI/ISaL[I/IOHHaSI 06pa60TKa BOJIHBI LR OT HNAKUCTAHCKOT'O MOA3EMHOI'O SIACPHOI'O B3PhbIBA.
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[Ipu ananm3e paccMaTpUBAEMOTO HCTOYHHUKA OOpaOOTKE MOJBEPTajiCh TaKKe 3aluCh
JUIMHHONIEPUOAHOTO KaHaja (4actoTa auckperuzanuu 1 I'1), Ha KOTOPOM YETKO BBIAEIMINUCH
BCTyIUIeHUsT ToBepxHOCTHBIX BONH JlsBa LQ u Pemes LR. M3BecTtHO, 4TO KONIeOaHMs BEKTOpa
cMelleHus: BOJIHBI LR mpoucXoauT B OCHOBHOM B BEPTUKAIBLHOW MIIOCKOCTH, COAEpKAIIEH Tpaccy
pacnpocTpaHeHus: BONHBL. TakuM o00pa3oMm, ompenensst TeKyllee IMOJIOKeHHEe HOpMalh K
IJIOCKOCTH 3Jjudrnca nossipu3zaiuu BojHbl LR ¢ momombio [IITA, BO3MOXHO MeleHrOBaHUE
HWCTOYHHKA CEUCMUYECKUX BO3MYLLIECHU.

Ha puc. 3 mpencraBnena 3anuck BoidHbI LR (Tpum BepxHux rpaduka) u pe3yiabTar
M3MepeHus mejeHra o mo 3Toil BomHe. CTaOMIBHBIN y4acTOK H3MEPEHUS MEJICHTa COOTBETCTBYET
BTOPOMY W TPETheMy KBa3WUIIEPHOAY BOJIHBI. OmimOka MOJAIBHOM OlleHKH TeneHra o*=223,33°
cocTaBiisieT 4°. AHAJIOTUYHBIN pe3ynbTaT ¢ OMUOKON ~ 5° naeT neneHroBanue mo BosHe JlsBa. 310
HECKOJIBKO XYK€, YeM OIleHKa meseHra no P-BonHe. OnHako, B ciy4ae norepu P-BosHBI wim ee
CUWJIBHOM 3alllyMJICHHOCTH IOMEXaMH TNEJICHIOBAHHE MO IMOBEPXHOCTHBIM BOJIHAM IO3BOJISET
pelmMTh 3aJady OLEHKU HANpaBICHHWS HAa MCTOYHHUK M TOBBICUTH JOCTOBEPHOCTH OTHECEHMS
CUTHaja K KJaccy IMOJIE3HBIX HAa OCHOBE aHanu3a OJMM30CTH JITOW OICHKM HAMpPaBICHHUIO Ha
SAIEPHBINA MOJIUTOH.

Taxum oOpaszoMm, nmpumenenue JIIA 11t OHOMYHKTHOTO CEHCMUYECKOTO IEJICHIOBAHUS
0ojiee MEpCHEeKTHUBHO, 4eM wucnoib3oBaHue [IA®D, Tak Kak MO3BOJIUT MOBBICUTH TOYHOCTh
nejeHroBanus mo P-BonHe W o0ecnednTh BO3MOXKHOCTH TIEJIIGHTOBAHHS IO TIOBEPXHOCTHBIM
BOJIHAM.

JIureparypa:
1. FHinn E.A. Signal analysis using rectilinearity and direction of particle motion // "Proc.
LE.E.E.", 1965, vol. 53, pp. 1874-1876.
2. KonecanukoB A.Jl., Illeuenko B.II., ITommaBckuit A.C. Crnoco® wu3MepeHHs TapaMmeTpoB

MOJISIPU3allMM BEKTOPHOTO CHUTHama. 3asBKa Ha wu3o0perenue, 3asBieHo 20.07.99 r, Ne
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At the present time basic tasks of the analysis of vector signals polarization are
determination of the fluctuation linearity degree and its orientation. The well-known ways of the
polarization analysis consist of the ways based on the use of sign and time dependences of
orthogonal components of a displacement vector, spectral and covariance ways, etc. They interpret
the movement of the displacement vector end of a seismic wave either on a line or on an
equivalent ellipsoid surface [1]. Further the polarization wave parameters of are calculated in
accordance with the considered equivalent figure location in space.

Such vector signal presentation is not rational, as it results in the losses of the important
information of its polarization structure in a number of cases. It is known that a vector harmonic
signa polarization is characterized by flat figure. It means an ellipse, which can degenerate into a
line or acircle in some cases. Thus the geometrical parameters of this ellipse such as the location
of a plane containing a polarization ellipse in space as well as the very ellipse in this plane often
used for an estimation of a direction to a source or for determination of the received wave type. In
the case an elipsoid application thisinformation is lost.
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In addition the known ways of the polarization analysis are integral and thus have the bad
time resolution. They assume the processing of a part of records with the usual duration not less
than a fluctuation period for finding of the averaged parameters of the equivalent elipsoid. In case
of changing the parameters during the less period of time data connected with these changes is
lost.

In this connection the most perspective is the Differentia Polarization Analysis (DPA),
which is described in [2]. The study has show that the DPA combines the best accuracy
characteristics. Besides this, it allows to interpret the movement of displacement vector end in
space alone an equivalent polarization ellipse in each point of the real three component seismic
records. The known way of the Flinn's Polarization Analysis (FPA) [2] interprets movement of a
displacement vector on a surface equivalent ellipsoid. As a results for the DPA has new positive
feature in addition to it's peculiar the opportunity to alocate the current situation of a surface
containing an ellipse of polarization of a seismic wave. On apposition of normal to this surface it
is possible to carry out the direction finding of the source through the cross S-waves in short-
period band Relay-Lr and Layva-Lq surface waves in long period band. The FPA does not allow
make this. Its basic informative parameter is the position of the large half-axis equivalent ellipse,
according to which the direction finding estimation only on longitudinal P-wave is possible.

The estimation of polarizing parameters is supposed to be carried out according to
dependences:

202’ =5 N H(T N =43 Cps 2602 =5 N (3 N) -4 Cy;
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the 0’a, w’b® — are the signals which are proportional to large and small half-axis of
polarization ellipse;
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Ai(t), Ai(t), A (t) —i-isthe signal’s constituent, it’ sfirst and second derivates;

Cij =i mj-nij;

Ka, Kui, Kni — directing cosines of the large, small haf-axes and norma to surface of
polarization ellipsein relation to i-axis.

DPA can be exposed not only seismic signals, but also vector signals of any nature
(electromagnetic, magnetic and others). In this article we shall show the results of DPA
application for seismic direction finding of rea sources, in particular of Pakistan underground
nuclear test which has been carried out at the 28.05.98 and received by Zalesovo seismic station.
The source magnitude is 4.9, the distance ~ of 3300 km, the true azimuth — 219,6°.

As follows from modal meaning for the azimuth 0=220,52° measurements by the DPA, the
error direction finding measurement is less than one degree of its true meaning on the Pakistan test
site. It indicates to high accuracy of the DPA. The most stable results of corner oo measurements
correspond to first quasi-period of P-waves. On this site the meaning of rectilinearity basically
above 0,7...0,9 that specifies affinity of polarization P-wave to linear.

During the analysis of the examined source the records of the long period channel
(quatization frequency 1 Hz) were proceed also, and during this analysis the arriving of Relay-Lr
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and Layva-Lq surface waves were precisely allocated. It is known, that fluctuation of the Lr wave
displacement vector occurs basically in avertical surface containing aline of distribution of wave.
Thus, determining the current situation with position the normal to polarization ellipse of the Lg
wave surface by DPA, it is possible of a source seismic disturbance.

The error of the direction finding modal estimation 0=220,52° on Lg wave is4°. The stable
part of measurements corresponds to second and third quasi-periods of the wave. The similar
result with an error ~ 5° give the direction finding on the wave Layva. This is a little bit worse,
than the P-wave direction finding estimation. However, in case of loss of the P-wave or its strong
noise by jamming on surface waves allows to solve problem of an estimation of the direction on a
source and to increase reliability of classify the signal to the class useful on the basics of analysis
of this estimation affinity to a direction on nuclear test site.

Thus, the DPA application for one-point seismic is more perspective, than the FPA usage,
as it will allow to increase accuracy on the P-wave and to ensure an opportunity direction finding
on surface waves.
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